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(54) [ Title of the Invention ] Sealed Lead Storage Battery 1 

(57) [ Summary ] 

[ Problem ] To provide a sealed lead storage battery in which enhanced output discharge 
can be achieved and rapid charge reception improved without changing the amount of 
lignin added to the negative electrode plate, and in which the active material on the 
surface of the negative electrode plate is prevented from aggregating and coarsening 
during repeated charging and discharging. 



1 Translator's note: Corrections at the end of the specification are incorporated into the translation. 
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[ Solution ] The first distinctive feature of the present invention is that a glass mat 
separator 3 is impregnated or coated with lignin. The second distinctive feature is that the 
nonwoven fabric or paper 1 coated or impregnated with lignin is placed over the surface 
of a negative electrode plate 2. Sawdust or lignin derivatives may be used instead of the 
aforementioned lignin. The content thereof should preferably be 0.01 to 0.1 wt% in 
relation to the lead powder primarily composed of lead oxide in the negative electrode 
active material. 



Key 1: output density (initial); 2: rapid charge reception density (initial); 3: output density (500-th cycle); 
4: rapid charge reception density (500-th cycle); 5: output, rapid charge reception density (w/kg); 6: lignin 

content (wt%) 

[ Claims ] 

[ Claim 1 ] A sealed lead storage battery, characterized in that that a glass mat separator 
impregnated or coated with lignin is used. 

[ Claim 2 ] A sealed lead storage battery, characterized in that a nonwoven fabric or 
paper impregnated or coated with lignin is placed over the surface of a negative electrode 
plate. 

[ Claim 3 ] A sealed lead storage battery, characterized in that sawdust or a lignin 
derivative is used instead of the lignin of Claim 1 or 2. 

[ Claim 4 ] A sealed lead storage battery as defined in Claim 1 or 2, characterized in that 
the content of said lignin is 0.01 to 0.1 wt% in relation to the lead powder primarily 
composed of lead oxide in the negative electrode active material. 
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[ Detailed Description of the Invention ] 
[ 0001 ] 

[ Technological Field of the Invention ] The present invention relates to an improved 
sealed lead storage battery. 

[ 0002 ] 

[ Prior Art ] Negative electrode plates of conventional sealed lead storage batteries are 
fabricated by methods in which lignin, barium sulfate, carbon, and other additives are 
added to lead powder primarily composed of lead oxide, and a grid is filled with a paste 
kneaded using water and dilute sulfuric acid. 

[ 0003 ] The aforementioned lignin additive, commonly added in an amount of about 0.1 
to 0.7 wt% to the negative electrode active material, is effective for achieving high-rate 
discharge capabilities or longer life, but loses its effectiveness as a result of being 
decomposed and consumed by the negative electrode active material with increased 
temperature and repeated charge-discharge cycles. Increasing the lignin addition raises 
the overvoltage during charging and has a profoundly adverse effect on charging, 
particularly rapid charging reception efficiency. In addition, repeating high-rate charging 
and discharging in a shallow discharge state results in concentrated utilization of the 
active material in the surface portions of electrode plates, so the particles of the active 
material aggregate and coarsen, and their performance is adversely affected. 

[ 0004 ] Methods in which the surface of the negative electrode plate is coated or 
impregnated with a lignin aqueous solution or powder in order to address these problems 
are disclosed in JP (Kokai) 63-32854 and in JP (Kokoku) 59-45186 and 60-43627. These 
manufacturing methods have the following drawbacks, however. Specifically, friction 
and vibration cause the lignin powder sprayed on the surface of a negative electrode plate 
to fall out (making it impossible to form a durable coating that is uniform and contains a 
sufficient amount of lignin) when a negative electrode plate sprayed with pulverized lead 
is superposed on a positive electrode plate and a separator, and the resulting electrode 
assembly is configured in an appropriate manner. In addition, impregnation or coating is 
used to deposit an aqueous solution of lignin on the surface of the negative electrode 
plate, but the lignin penetrates into the electrode plate during such deposition and causes 
the material to deposit nonuniformly on the surface portion. Yet another drawback, still 
unresolved, is that because lignin is present in the negative electrode, this lignin is eluted 
and decomposed by the increase in temperature during charge-discharge reactions or by 
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the increase in the pH of the electrolyte in the electrode plate, and thus cannot remain 
effective for a long time. 



[ 0005 ] 

[ Problems Which the Invention Is Intended to Solve ] An object of the present 
invention, which was perfected in view of the above-described drawbacks, is to provide a 
long-lasting sealed lead storage battery in which enhanced output discharge can be 
achieved and rapid charge reception can be improved without changing the amount of 
lignin added to the negative electrode plate, and in which the active material on the 
surface of the negative electrode plate is prevented from aggregating and coarsening 
during repeated charging and discharging. 

[ 0006 ] 

[ Means Used to Solve the Above-Mentioned Problems ] Aimed at attaining the stated 
object, the present invention resides in a sealed lead storage battery characterized in that a 
glass mat separator is impregnated with an aqueous solution of lignin or that a lignin- 
containing materials is applied to the separator side in contact with the surface of the 
negative electrode plate. 

[ 0007 ] An alternative is a sealed lead storage battery characterized in that lignin- 
containing nonwoven fabric or paper is placed between the negative electrode plate and 
the separator. 

[ 0008 1 In addition, the same characteristics can be obtained by adding sawdust (conifer 
powder) or a lignin derivative instead of the lignin. 

[ 0009 ] The lignin content should preferably be 0.01 to 0.1 wt% in relation to the 
content of lead powder in the negative electrode active material. 

[0010] 

[ Operation of the Invention ] Adding lignin to a glass mat separator, nonwoven fabric, 
or paper makes it possible to retain an adequate amount of lignin on the surface of the 
negative electrode plate with high efficiency without lowering productivity. In addition, 
the lignin retained by the glass mat separator, nonwoven fabric, or paper is only slightly 
decomposable, in contrast to the lignin contained in a negative electrode active material. 
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[0011] 

[ Embodiments of the Invention ] Embodiments of the present invention will now be 
described in detail. 

[ 0012 ] (Embodiment 1) Fig. 1 is a cutaway view depicting an embodiment of the 
present invention, and Fig. 2 is a longitudinal section depicting part of the electrode 
assembly in Fig. 1 . In the drawings, 1 is a paste-type positive electrode plate, 2 a paste- 
type negative electrode plate, 3 a glass mat separator, 4 an electrolytic cell, 5 a positive 
electrode strip, 6 a negative electrode strip, 7 an exhaust valve, 8 a lid, 9 a positive 
electrode terminal, and 10 a negative electrode terminal. 

[ 0013 ] The positive electrode plate 1 consists of an active material primarily composed 
of lead dioxide, and the negative electrode plate 2 consists of an active material obtained 
by adding barium sulfate, lignin, or another additive to spongy metal lead. The glass mat 
separator 3 consists of fine glass fibers having a thickness of 0.85 mm and a weight of 
106 g/m 2 . The separator may contain lignin either throughout its entire volume or solely 
on the side in contact with the negative electrode plate 2. The positive electrode plate 1, 
separator 3, and negative electrode plate 2 are stacked in the order indicated, and the 
same-polarity electrode plates are connected by the strips 5 and 6, yielding an electrode 
assembly. The electrode assembly is placed in the electrolytic cell 4 and sealed with the 
lid 8, which is fitted with the exhaust valve 7. The positive electrode terminal 9 and 
negative electrode terminal 10 are extended upright from the strips 5 and 6 beyond the 
upper surface of the lid 8. 

[ 0014 ] (Embodiment 2) Fig. 3 is a longitudinal section depicting part of an electrode 
assembly according to another embodiment of the present invention. Symbols identical 
to those used with reference to embodiment 1 have the same designations. 

[ 0015 ] This embodiment has the same structure as embodiment 1 except that a lignin- 
containing nonwoven fabric 1 1 is affixed to the surface of the negative electrode plate 2, 
and the separator 3 is devoid of lignin. 

(Working Examples 1 to 5) The manufacturing method employed in 
embodiment 1 will now be described. 

[ 0016 ] Lignin was dissolved in purified water to prepare five types of lignin aqueous 
solutions or lignin mixtures (2, 10, 20, 100, 200 g/L). The separator 3 was then 
thoroughly impregnated by being immersed in the aqueous solutions of lignin, or the 
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lignin mixtures were applied to the surface of the separator 3 in contact with the negati ve 
electrode plate 2. The resulting separators 3 were subsequently dried for 16 hours in a 
50°C atmosphere and made into separators 3 in which the content of lignin in relation to 
the lead powder primarily consisting of lead oxide in the negative electrode plate paste 
was 0.01, 0.05, 0.1, 0.5, and 1.0% (in terms of weight ratio). The lignin content was 
calculated based on the difference in weight between the lignin-free separators 3 and the 
lignin-containing dried separators. 

[ 0017 ] Electrode assemblies were fabricated using these separators together with 
positive electrode plates 1 and negative electrode plates 2 fabricated by common 
methods. The assemblies were placed into electrolytic cells 4, the cells were filled with 
an electrolyte having a specific weight of 1.25 and primarily containing sulfuric acid, and 
the resulting cells were chemically converted, yielding inventive batteries A, B, C, D, and 
E. 

[ 0018 ] (Working Examples 6 to 10) The manufacturing method employed in 
embodiment 2 will now be described. 

[ 0019 ] Inventive batteries F, G, H, I, and J were obtained using the same manufacturing 
method as in working examples 1 to 5 except that a nonwoven fabric 1 1 impregnated or 
coated with the same amount of lignin was affixed to the negative electrode plate 2 
instead of the above-described separator 3. 

[ 0020 ] (Comparative Example) Comparison battery K, whose composition is shown in 
Fig. 3, was obtained without adding lignin to the separator 3 or the nonwoven fabric 11. 

[ 0021 ] The batteries A to K thus fabricated were 5-kg sealed lead storage batteries with 
a rated capacity of 13.5 Ah (5 hr). 

[ 0022 ] (Tests) The above-described batteries A to K were subsequently subjected to 
charge-discharge cycle, output, and rapid charge tests. The results are shown in Table 1 
and Fig. 4. 

[ 0023 ] The test conditions were as follows. Charge-discharge cycles involved 
performing discharging at 4.5 A x 1.5 H (DOD: 50%) and charging at 3.4 A/14.4 V + 
0.7 A x (1 15% of total discharge), and it was assumed that a battery was at the limit of its 
service life when the discharge capacity had dropped below 80% of its rated capacity. In 
addition, the output density and the rapid charge acceptance current density (W/kg) were 
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calculated based on the maximum current achieved at a specified voltage within 
10 seconds when discharging and charging were each conducted for 10 seconds at a point 
where the DOD was 50% of the rated capacity. Each of the values was calculated for the 
first cycle (initial) and 500-th cycle. 

[ 0024 ] 
[ Table 1 ] 



Type of battery 


Lignin content (wt%) 


Service life (in cycles) 


Remarks 


A 


0.01 


597 


Working example 1 


B 


0.05 


713 


Working example 2 


C 


0.1 


728 


Working example 3 


D 


0.5 


735 


Working example 4 


E 


1.0 


745 


Working example 5 


F 


0.01 


603 


Working example 6 


G 


0.05 


746 


Working example 7 


H 


0.1 


755 


Working example 8 


I 


0.5 


760 


Working example 9 


J 


1.0 


765 


Working example 10 


K 


None 


530 


Comparative example 



[ 0025 ] As can be seen in Table 1 and Fig. 4, inventive batteries A to J have higher 
initial output density and maximum charge acceptance density than does comparison 
battery K. In addition, batteries A, B, C, F, G, and H, which have been obtained by 
adding 0.01 to 0.1% lignin to the separator 3 and nonwoven fabric 11, have excellent 
sustainability because the maximum charge acceptance density decreases only slightly 
after 500 cycles. Better cycle life characteristics can also be obtained. 

[ 0026 ] Although lignin was used as the additive in the above-described working 
examples, similar results can be obtained by adding sawdust (conifer powder), lignin 
derivatives, or mixtures thereof. Similar results can also be obtained by using paper 
instead of adding lignin to nonwoven fabric. 

[ 0027 ] 

[ Merits of the Invention ] Because of being configured as described above, the present 
invention has the following merits. 
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(1) According to Claims 1 to 3, it is possible to provide a long-lasting sealed lead 
storage battery that has high output, excellent rapid charge acceptance capabilities, and 
improved performance sustainability. 

[ 0028 ] (2) According to Claim 4, it is possible to provide a sealed lead storage battery 
that has the above-described remarkable merits. 

[ Brief Description of the Figures ] 

[ Figure 1 ] A cutaway view depicting an embodiment of the present invention. 
[ Figure 2 ] A longitudinal section depicting part of the electrode assembly in Fig. 1. 
[ Figure 3 ] A longitudinal section depicting part of an electrode assembly according to 
another embodiment of the present invention. 

[ Figure 4 ] A graph depicting the relation between the output density and the rapid 
charge acceptance density of a battery, with the lignin content of the separator or 
nonwoven fabric as the parameter. 

[Key] 

2: negative electrode plate, 3: glass mat separator, 1 1 : nonwoven fabric 
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[ Figure 1 ] 



[ Figure 2 ] 



[ Figure 3 ] 
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Key 1 : output density (initial); 2: rapid charge reception density (initial); 3: output density (500-th cycle); 
4: rapid charge reception density (500-th cycle); 5: output, rapid charge reception density (w/kg); 6: lignin 

content (wt%) 
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Abstract 



PROBLEM TO BE SOLVED: To provide a sealed lead-acid battery capable of enhancing high rate discharge 
performance and quick charge accepting performance, retarding the aggregation and growing of an active 
material on the surface of a negative electrode, even if charging/discharging is repeated, and prolonging the 
lifetime without changing the added amount of lignin to the negative electrode. 

SOLUTION: Lignin is impregnated in or applied to a glass mat separator 3. Or a nonwoven fabric or paper 1 1 
into which lignin is impregnated or to which lignin is applied is arranged on a negative electrode 2. In place of 
lignin, sawdust or a lignin derivative may also be used. The content of the lignin or the equivalent is 
preferable to be 0.01-0.1 wt.% based on the weight of lead powder in lead oxide which is the main 
component of a negative active material. 
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